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TITLE OF THE INVENTION 
IN MOLD BONDED COMPOSITES AND A METHOD FOR 
MANUFACTURING THE COMPOSITES 
FIELD OF THE INVENTION 
5 This invention relates generally to the 

production of utilitarian or decorative architectural 
objects. The objects are composite pieces formed from a 
resin matrix containing metal or stone particles (or 
powders) bonded by curing the liquid resin matrix on a 
10 substrate so that the hardened matrix is bonded to the 
substrate without an intermediate adhesive. The 
resultant composite has the physical appearance of metal 
or stone but can be used in construction like a piece of 
sheet rock, panelling, plywood, particle board or the 
15 like. 

BACKGROUND OF THE INVENTION 

One way of imparting a metallic or stone- like 
appearance to an object is, of course, to cast that 
object from the metal or carve it in stone. However, 

20 casting an object from metal such as bronze or copper can 1 , 
be a relatively expensive process with the result that 
decorative and architectural objects such as panels, 
tiles and the like are not readily available in the mass 
market to ordinary consumers. 

25 Attempts have been made in the past to impart a 

bronze-like appearance to decorative or utilitarian 
objects. However, these objects generally do not have 
the appearance of a genuine bronze or a metallic body. 
For instance, ceramic objects such as floor and wall 

30 tiles have been glazed with a coating of metallized 

enamel. It is also possible to create a thin metallized 
surface by vacuum deposition, sputtering or other plating 
techniques on the face of a plastic body. 

U.S. Patent No. 2,454,910 to Carr discloses a 

35 molding technique in which the surface of the mold is 
coated with a bronzing liquid in which bronze particles 
are dispersed in a resin base to create a bronze-like 
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layer in the mold which is then filled with a moldable - 
plastic material such as phenolic. 

U.S. Patent No. 3,615,963 to Johansson et al . 
discloses a technique for. producing a reinforced panel by 
5 spreading a mixture of a liquid resinous binder and solid 
particles of sand or metal powder on a stainless steel 
base treated with a release agent, the particles settling 
and concentrating adjacent the base plate. 

In U.S. Patent No. 2,773,287 to Stout, a 
10 reinforced plastic pipe is disclosed in which glass 

fibers, crushed rock or other non-metallic particles are 
mixed with a polyester resin and added to a pipe mold 
which is then rotated to produce a centrifugal force 
causing the particles to migrate toward the outer surface 

15 of the tube. 

U.S. Patent No. 5,171,497 to Osada relates to a 
method for manufacturing a building panel by providing a 
base sheet with an adhesive, applying small stones (or 
crushed ceramics) to the base sheet so that the stones 

20 adhere to the base sheet, applying a water absorbing 
polymer to the stones and the spaces in between the 
stones on the base sheet, spreading an inorganic 
hardening material (e.g. cement) over the stones and 
drying the hardening material . According to this 

25 process, the polymer absorbs water from the hardening 
material and expands to prevent the stones from being 
buried in the hardening material . 

U.S. Patent No. 4,714,623 to Riccio et al . 
relates to a method of metal cladding a surface by 

30 applying a curable adhesive layer (e.g. epoxy resin) to 
the surface, spraying a layer of hollow glass, ceramic or 
carbon microspheres to the adhesive layer, curing the 
adhesive layer, rupturing the surface materials to 
produce a matrix of undercuts over the surface, and 

35 thermally spraying metal in molten particles to form a 

metal layer. According to this process, the bond between 
the metal coating and the substrate surface increases due 
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to the formation of the matrix of undercuts created by ■ 
abrading the surface materials which are sprayed on the 
surface of the substrate. 

U.S. Patent No. 5,177,124 and U.S. Patent No, 
5 5,280,052 to Questel et al . relate to a process for 

making a plastic/metal matrix material and objects formed 
from the material. Using the process described in the 
patents, a mixture of a liquid plastic monomer, a curing 
agent, a dispersion of metal particles, and a dispersion 
10 of floatable particles (such as glass or ceramic 
microspheres) are poured into a mold. The metal 
particles settle in the mold to the lower surface of the 
piece or the mold is centrifuged to cause the metal 
particles to migrate toward the outer region of the piece 
15 before the monomer polymerizes and hardens. The 

floatable particles rise to the upper or inner surface of 
the object. As the liquid monomer cures and shrinks, the 
presence of the metallic particles at one surface of the 
object and the floatable particles at the opposing 
20 surface ensure that the monomer will shrink evenly and 

maintain the desired shape. After removal from the mold, 
the outer face of the piece is polished. The 
plastic/metal matrix material described in these patents 
uses small amounts of metal in proportion to the resin. 
25 The plastic/metal matrix also includes floatable 

particles as a means for preventing uneven shrinkage of 
the resin matrix. These patents do not teach or describe 
a method for bonding the resin matrix to the substrate or 
the resulting composite article. 
3 0 There are other processes for applying metallic 

coatings to substrates. These include physical vapor 
deposition processes including vacuum evaporation, 
sputter deposition, ion plating, laminating of metal and 
metallic foils, electroless plating, and electroplating. 
35 However, there are a number of disadvantages associated 
with each of these techniques. Electroplating requires 
waste treatment of plating solutions and the use of 
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alkaline cyanides and acids. In addition, there are 
strong and dangerous odors from certain types of plating 
solutions. Vacuum evaporation can not be used for many 
types of alloys and compounds and high radiant heat loads 
5 can be utilized in the deposition system. Further, there 
is often poor surface coverage on complex surfaces and 
poor film thickness uniformity over large surfaces using 
the vacuum evaporation method. With sputter deposition, 
sputtering rates are low compared to thermal evaporation. 

10 Additionally, sputtering targets are often expensive and 
material utilization may be poor. Moreover, gaseous 
contaminants are activated in the plasma and radiation 
and bombardment from the sputtering target can degrade 
the substrate. In the boating industry, boat 

15 hulls are often fabricated from fiberglass embedded in 
resins. In order to enhance the structural integrity of 
certain parts, such as gasoline tank covers, the 
fiberglass resin can be reinforced with a piece of 
plywood. The gasoline tank covers can be formed by 

20 adding a fiberglass-containing resin into a mold in the 
shape of a cover, placing a piece of plywood in the mold, 
and adding additional fiberglass-containing resin to the 
back of the plywood to encase the plywood. The technique 
is used to enhance the structural qualities of the 

25 fiberglass -containing resin. The technique uses a thick 
layer of fiberglass and resin to prevent "print -through" , 
that is, to prevent the substrate surface from showing 
through the surface of the fiberglass and resin. The 
surface can be treated by polishing or buffing it. 

30 A company, Forms + Surfaces, in California 

markets a product made from metal particles, resin and 
unhardened fiberglass matte. It appears that the resin 
and particles are sprayed into molds followed by 
immersion or embedding an unhardened fiberglass matte in 
35 the resin and particles. Warpage is a significant 
problem and a genuine metallic appearance is not 
achieved. 
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The present invention provides a distinct 
improvement over the prior art. None of the prior art 
references describe a composite which has the appearance 
of stone or metal and that can be used in construction 
5 like a piece of a board- like material such as plywood or 
other structural surface. Nor does the art teach a 
process for making the composite piece. The resin matrix 
of the present invention generally utilizes a thin layer 
of resin matrix on the substrate, contains a high ratio 
10 of metal particles to liquid resin, and does not require 
the presence of floatable particles or microspheres. 
Furthermore, the surface of the composite of the 
invention can be provided with graphic details, relief 
patterns and designs. In addition, the invention, after 
15 proper finishing, has a metallic or stone outer face 

which imparts the appearance of a solid metal casting or 
carved stone surface. Moreover, the present invention 
permits the manufacture of bonded composite structures in 
which a metal matrix material is adhered directly to a 
20 substrate without the need for an intermediate adhesive. 

OBJECTS OF THE INVENTION 
An object of this invention is to provide a 
decorative and/or architectural composite article 
fabricated primarily from a resin matrix containing a 
25 curable liquid resin, metal or stone particles (or 
powder) and a catalyst bonded to a substrate. The 
composite article has the appearance of metal or stone, 
and has the utility of a piece of wood, plywood, particle 
board, wood laminate, honeycomb, metal, medium density 
30 fiberboard (MDF) , concrete, gypsum board, plastic or 
other structural surface. 

It is a further object of this invention to 
provide a decorative/architectural composite article in 
which the resin matrix is bonded to the substrate without 
3 5 the use of an intermediate adhesive. 

It is another object of this invention to 
provide a process for creating a bonded composite having 
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a curable resin matrix attached to a substrate, wherein ■ 
the resin matrix is cured to bond the inner surface to 
the substrate and to form a metallic or stone- surface on 
the outer surface which gives the piece the appearance of 
5 a metal or stone object. 

It is yet another object of this invention to 
provide a method for fabricating the composite pieces 
which are composed of resin matrix and metal or stone 
particles substantially attached to a substrate. 

10 It is still another object of this invention to 

provide a method for fabricating the composite pieces 
which are composed of a matrix of a curable liquid resin, 
a catalyst, metal or stone particles and, optionally, 
floatable particles attached to a substrate. 

15 it is a further object of the invention to 

provide method which lends itself to mass production at 
relatively low cost to fabricate the composite pieces. 

SUMMARY OF THE INVENTION 
The objects of the invention are attained in a 

20 process for forming a utilitarian or decorative composite 
piece fabricated primarily of a resin matrix bonded 
directly, without an intermediate adhesive, to a 
substrate. The composite product has the hand and 
appearance of genuine metal or stone on the face and the 

25 ability to be utilized in construction as a piece of 
architectural plywood or other board-like substance. 
However, if desired, it can be significantly lighter in 
weight than an actual metal or stone panel. 

The resin matrix is a mixture of a curable 

30 liquid resin, a curing agent (catalyst) therefor, and a 
dispersion of metal or stone particles (or powder) which 
are more dense than the liquid resin. The resin matrix 
can optionally contain floatable particles which are less 
dense than the curable liquid resin. 

35 This invention also relates to a process for 

manufacturing the composite articles including a resin 
matrix bound by curing to a substrate. The resin matrix 
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has an outer surface which provides a metallic or stone-" 
like appearance to the composite and an inner surface 
which is in contact with and binds to the substrate 
without the use of an adhesive. The process of 
5 fabricating the composite comprises the steps of 
combining a curable liquid resin, a catalyst, and 
particles; pouring the resin matrix into a mold; 
introducing the substrate into the mold to contact a 
surface of the substrate with the resin matrix; forming a 

10 concentrated mass of the particles on the outer surface 
of the resin matrix (away from the surface of the 
substrate that is in contact with the resin matrix) by 
migration of the particles to the outer surface of the 
resin matrix before curing of the resin matrix; curing 

15 the resin matrix so that the resin matrix is bonded to 
the substrate by curing to create the bonded composite. 
The bonded composite can be removed from the mold and 
subjected to a post-curing process such as heat. 

The process may further include the step of 

20 incorporating floatable particles into the resin matrix 
and locating, prior to curing, the floatable particles 
near the surface of the resin matrix that is opposite the 
. resin matrix surface to which particles are migrating. 
Thus, the floatable particles will migrate to the surface 

2 5 of the resin matrix that is adjacent to the substrate 

surface to which the resin matrix will bond. The 
floatable particles can reduce the amount of resin needed 
which can make the composite piece lighter and can assist 
in reducing warpage. 
30 The bonded composite can be further treated to 

expose the metal or stone particles in the exposed 
surface of the composite article. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a better understanding of the invention, 

3 5 reference is made to the following detailed description 

to be read conjunction with the accompanying drawings: 
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FIG. 1 is a schematic diagram of a mixing 
vessel into which is fed the main constituents of the 
resin matrix: a curable liquid resin, particles, and a 
catalyst . 

5 FIG. 2 is a cross section of a mold containing 

the resin matrix and a substrate floating on the layer of 
resin matrix. 

FIG. 3 is a cross section of a mold containing 
the resin matrix and a substrate resting on removable 

10 shoulders in the mold. 

FIG. 4 is a cross section of a mold containing 
the resin matrix and a substrate maintained at a fixed 
height in the resin matrix with spacers (removable 
shoulders) attached to the backside of the substrate. 

15 FIG. 5 is a cross section of a mold containing 

a resin matrix and a substrate sized so that the outer 
edge of the substrate is a distance from the sidewalls of 
the mold thereby allowing the resin matrix, which is 
displaced by the substrate, ,to migrate to the sides of 

20 the mold and rise to the top of the sidewalls. 

FIG. 6 is a perspective view of a composite 
article having a raised diamond pattern on its face. 

FIG. 7 is a perspective view of a composite 
piece having a decorative logo on its face. 

25 DETAILED DESCRIPTION OF THE INVENTION 

According to the process of this invention, a 
resin matrix is prepared and poured into a mold. A 
substrate is then prepared and introduced into the mold 
so that a surface of the substrate contacts the resin 

30 matrix. Particles in the resin matrix migrate to the 
outer surface of the resin matrix away from the surface 
of the substrate that is contacting the resin matrix. 
After curing of the resin matrix and removing the 
composite piece from the mold, the resulting composite 

3 5 piece has a thin cured matrix layer that can be post- 
cured, buffed and polished. If the particles are metal 
or stone, the outer portion of the resin matrix has a 
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metallic or stone-like appearance. As the resin matrix • 
cures, the inner portion of the resin matrix is bonded 
integrally and directly by curing to the substrate 
without the use of an intermediate adhesive and without 
5 the need for another fastening composition or mechanism.. 
Preparing the Resin Matrix 

A mixture of a curable liquid resin, a curing 
agent therefor, and a dispersion of metal or stone 
particles (or powders) which are more dense than the 

10 liquid resin are poured into a mold to create the resin 
matrix. The particles are permitted to settle in the 
mold to the lower region of the matrix. The migration of 
the particles toward the outer region of the matrix can 
also be accomplished or assisted by, for example, 

15 vibration of the resin matrix in the mold. The particles 
are concentrated in the outer region before the liquid 
resin polymerizes and hardens to bind the particles. 
Thus, the concentrated mass of particles is integrally 
formed with and bound together by the plastic resin. 

20 Referring to Fig. 1, the first step in 

manufacturing a composite article such as a floor, wall 
or building panel in accordance with the invention is to 
produce a resin matrix 10 in a mixing vessel into which 
is fed the main constituents of the resin matrix 10, 

25 namely, curable liquid resin 14, catalyst 16, and metal 
or stone particles or powder 18. The resin matrix 10 is 
formed by mixing the ingredients with a mixing device 20. 

The first constituent is a curable liquid resin 
10, the second is metal or stone particles or powder 18, 

3 0 and the third is a catalyst 16 or curing agent to cause 
the liquid resin to polymerize and harden at a 
predetermined rate. Generally, the catalyst 16 is not 
added until the liquid resin 10 and the particles 18 are 
thoroughly intermixed and are about to enter the mold. 

35 Otherwise, curing may take place prematurely in the 
mixing vessel 12 . 
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The concentration of particles relative to the- 
concentration of the liquid resin in the resin matrix is 
kept high so that the particles quickly settle to the 
lower region of the resin matrix. This also improves the 
5 appearance of the resultant composite piece by greatly 
reducing print-through which could occur with a smaller 
amount of particles in a thin cured matrix layer or the 
substrate. The higher concentration of particles also 
improves the resistance to warpage in the cured matrix in 

10 the composite article. The amount of particles added to 
the resin matrix is based on a number of factors, for 
example, the geometry of the piece being cast, the 
thickness of the cured matrix layer, the desired 
appearance and the type of substrate being used. In this 

15 sense, the weight of particles utilized should be 

sufficient to provide a metallic or stone- like appearance 
to the cured matrix surface once it is buffed. It should 
also be sufficient to adequately cover the substrate 
surface to avoid print-through which would destroy the 

20 perception that the article is metal or stone. In 
addition to providing an adequate concentration of 
particles in the resin matrix, sufficient time should be 
provided for the metal particles to settle to the surface 
of the mold in order to avoid print -through. Also 

25 helpful is the use of resilient mold materials which flex 
under the pressure exerted by the substrate. 

Typically, the ratio of the amount, by weight, 
of the metal or stone particles to curable liquid resin 
in the resin matrix may be from about four parts 

30 particles to one part liquid resin (4:1) to about one 

part particles to one part liquid resin (1:1) . Preferred 
weight ratios of the constituents of the resin matrix are 
from about two parts particles to about one part liquid 
resin (2:1) to about one and one-half parts metal or 
3 5 stone particles to about one part liquid resin (1.5:1) . 

Metal, particles utilized in the invention are 
those which would produce a decorative effect such as 
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particles of bronze, pewter, copper, brass, or aluminum.- 
Powdered metals such as B-406 Bronze or C-118 Copper 
produced by U.S. Bronze may be utilized. Particles size 
will be determined by the surface appearance desired in 

5 the finished article. To obtain the appearance of solid 
metal, particle size should be small enough so that the 
appearance of the object will be that of solid metal but 
large enough and of sufficient density so the metal 
particles will sink in the curable liquid resin to one 

10 surface of the resin matrix. Typically, particles in the 
range of about -60 to -325 Taylor mesh and most 
preferably about -2 00 to about +3 00 Taylor mesh, will be 
satisfactory. However, coarser or larger particles may 
be used to impart to the piece a different appearance. 

15 Spherical particles are preferred and the metal particles 
preferably have densities between 4g/cc and 8g/cc. 

A stone -like appearance can be imparted to the 
composite piece by incorporating stone particles instead 
of metal particles into the resin matrix. Any stone or 

20 stone-like material can be utilized to achieve the 

desired effect. Stone particles having a diameter of up 
to one millimeter are preferred. Stone particle sizes 
that are preferred are the same sizes mentioned above for 
the sizes of metal particles. Examples of stone 

2 5 particles include calcium carbonate, sand, granite, 

marble, slate, hydrated alumina, mica, cement, stone-like 
composites, ceramics, glass and other particles which 
impart a stone-like appearance to the composite piece. 
Stone and metal particles can be added to the resin 

30 matrix to achieve certain decorative effects. 

The amount of the metal or stone particles 
which migrate to the outer (or lower) surface of the 
resin matrix will be affected by various factors, 
including but not limited to, viscosity of the liquid 

35 resin, production requirements, gel time (cure time), the 
amount and type of additional fillers in the resin 
matrix, and the type of metal or stone particles. 
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Various curable liquid resins can be used in 
the process especially, monomer resins such as acrylates, 
methacrylates, styrenes, methylstyrenes, allyls, and 
diallylphthalates. Other resin systems include 

5 unsaturated polyesters, vinyl esters, urethanes and 
epoxies. The monomers can be used alone or in 
combination with other liquid monomers. 

Specific examples of preferred curable liquid 
resins are Polylite 32-358, an unsaturated polyester 

10 resin monomer manufactured by Reichhold Chemicals, Inc. 
and containing more than 50% unsaturated polyester resin 
and less than 50% styrene monomer; Aropol 8520-14 an 
unsaturated polyester resin manufactured by Ashland 
Chemical, Inc. and containing 65 to 70% by weight 

15 unsaturated resin and about 30% by weight styrene; and 
Envirez 5310, another unsaturated polyester resin 
manufactured by Ashland and containing 50 to 55% 
polyester resin, 25 to 30% ethyleneglycol dimethacrylate 
and 15 to 20% hydroxethyl methacrylate. 

20 The catalyst or curing agent added to the resin 

matrix is dependent on the type of resin in the matrix. 
The amounts of the catalyst used can be varied to produce 
longer or shorter gel, demold, and cure times. The 
catalyst can be any suitable catalyst used for curing 

25 liquid resins such as methyl ethyl ketone peroxide. The 
catalyst or curing agent may be an organic peroxide 
catalyst such as Lupersol DDM-9 manufactured by Elf 
Atochem North America, Inc., or Hi-Point 90 sold by Witco 
Corporation. For unsaturated polyesters, the catalysts 

3 0 include methyl ethyl ketone peroxide (MEKP) and benzoyl 
peroxide (BPO) . For epoxies, catalysts include aliphatic 
amines such as diethylene triamine and diethylene 
tetramine; aromatic amines such as methphenylene diamine, 
methylene dianinile, and diamino diphenyl sulfone; 

3 5 catalytic curing agents such as piperidine, boron 

trif luorideethylamine complex and benzyl di me t hyl amine; 
and acid anhydrides such as nadic methyl anhydride, 



WO 99/00235 



PCT7US98/12118 



13 

dodecenyl succinic anhydride, hexahydrophthalic 
anhydride, and alkendic anhydride. Preferred catalysts 
are aliphatic amines or acid anhydrides. For urethanes, 
catalysts include diamines and polyols. 
5 A dispersion of floatable particles which are 

less dense than the curable liquid resin may optionally 
be incorporated into the resin matrix. The floatable 
particles may rise to the upper or inner surface of the 
resin matrix before the liquid resin cures. As the 

10 liquid resin cures and shrinks, the presence of the metal 
or stone particles at one surface of the object and the 
floatable particles at the opposing surface of the object 
reduces the weight of the resin matrix. 

The floatable particles include powders, 

15 microspheres or other particles which have a density 
which is less than the density of the curable liquid 
resin so that a substantial portion of the floatable 
particles will migrate in the liquid resin to the inner 
(or upper) surface or the surface of the resin matrix 

20 opposite the surface containing the particles. The 

floatable particles may be in the form of powder such as 
polyethylene or polypropylene, or hollow microspheres 
made of, for example, ceramic or glass. The fact that 
these particles float also ensures that they will not 

25 migrate to and mark the metallic or stone-like surface of 
the object. 

The amount of floatable particles which migrate 
to the surface are preferably about equal in volume to 
the amount of metal or stone particles migrating to the 

30 opposing surface. The volume of floatable particles may 
vary depending on the type of floatable particles, metal 
or stone particles, and curable liquid resin utilized. 

Specific examples of floatable particles 
include hollow ceramic microspheres containing up to 5% 

35 crystalline silica, hollow aluminum silicate 

microspheres, inorganic sodium borosilicate microspheres 
containing amorphous silicon dioxide, organosilicon 
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modified aluminum silicate microspheres, and ceramic 
microspheres coated with aluminum, copper, or zinc. 

. Other additives can be incorporated into the 
resin matrix to impart desired properties to the 
5 composite piece. The amounts of each of these materials- 
added to the resin matrix varies depending upon the 
effects desired. For example, a fire retardant agent, 
such as aluminum trihydrate (ATH) , can be added to the 
resin matrix so that when the composite piece takes the 

10 form of floor or wall panels, or other articles used in 
building construction, the composite piece satisfies 
stringent architectural, structural and fire code 
requirements. A promoter can help promote curing of the 
resin at room temperature or to vary the gel, demold, and 

15 cure times of the product and can also act to induce 
decomposition of the organic peroxide catalyst in 
polyester resins. Inhibitors, such as Aropol Q 6919, can 
adjust the curing time of the resin and can prevent 
premature crosslinking of the monomers in polyester 

20 resins. The curing time depends on the type of resin 
used and the ratio of promoter, catalyst, and/or 
inhibitor added to the mixture. 

Sunscreens are another additive which can be 
incorporated into the resin matrix to protect objects 

25 from the deleterious effects of ultraviolet light. 

Colorants may be added to modify the final color of the 
object and the resin matrix, and pigments add a 
background coloration to the resin matrix and serve to 
accentuate relief. Sealing wax solutions may be added to 

30 seal the resin during curing. Air release agents assist 
the mixture in releasing air entrapped in mixing. Other 
additives, such as UV absorbers and vapor suppressants 
may be included to enhance the physical properties of the 
composite or to improve the physical handling of the 

35 resin matrix. A variety of fillers such as hydrated 
alumina, glass or ceramic microspheres, elastomers, 
ceramic and carbon fibers, glass fibers or plastic 
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regrind can be used to improve mechanical properties such 
as flame retardance, weight, resilience, and strength. 
The amounts of each of these materials added to the resin 
matrix varies depending upon the effects desired. . 
5 The resin matrix, consisting of a curable 

liquid resin, metal or stone particles, a catalyst and 
possibly some additives, is blended in a mixing vessel or 
drum with a mixing device such as a paint stirrer or with 
more sophisticated metering and mixing equipment. A high 

10 shear mixer is preferred, but any type of mixer that 
suspends the metal or stone particles in the resin 
component for a long enough period of time to cast the 
matrix without separation of the metal or stone is 
acceptable. After thoroughly mixing the constituents in 

15 the vessel to cause the metal or stone particles to 

become uniformly dispersed in the curable liquid resin, 
the resin matrix is poured into a mold having a 
predetermined size and shape. 
Mold Preparation 

20 The resin matrix is generally cast in flexible 

molds which may be made from a variety of materials 
including silicone rubber, thermoset polyester, stainless 
steel, or urethane elastomer. The use of the term "mold" 
is not intended to imply that it has a particular shape 

25 or produces a defined pattern on the composite piece. It 
is only intended to define an area or 

container where the resin matrix can contact the 
substrate and cure. 

30 Prior to adding the resin matrix, the molds may 

be cleaned with a cleaning agent such as alcohol and are 
leveled to ensure consistency in the piece and ensure 
that the composite article will have an even layer of the 
resin matrix bonded to it. The molds can optionally be 

3 5 sprayed with mold release so that the composite piece can 
be readily removed from the mold after hardening. 
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Once molds of the desired size and shape are 
prepared, the resin matrix can be dispensed into the 
mold. Material can be poured into the mold by hand, 
sprayed into the mold with a spray device or dispensed or 
5 injected into the mold by automated means. 
Preparing the Substrate for Bonding 

The resin matrix is dispensed into the mold and 
the substrate is placed into the mold so that one surface 
of the substrate contacts the resin matrix. As 

10 illustrated in Fig. 2, a substrate 24 is laid into the 
mold 26 and is allowed to float on the layer of resin 
matrix 22. The substrate 24 is preferably placed into 
the mold starting on one side and slowly dropping to the 
opposite side to allow any entrapped air to escape. It 

15 is not necessary that the substrate be added after the 

resin matrix is added to the mold. The resin matrix also 
can be added simultaneously or after the substrate is 
introduced. 

The substrate is a discrete, separate element 

2 0 of the composite article. The substrate is not 

substantially saturated throughout the entire body of the 
substrate with the resin from the resin matrix layer. 
Rather, the resin matrix is bonded to the surface of the 
substrate by curing the liquid resin. 

25 as illustrated in Fig. 3, the substrate 24 can 

rest on removable shoulders 28 in the mold 26 which hold 
it at the desired height until the curing of the resin 
matrix 22 is complete. The surface of the substrate that 
contacts the resin matrix can rest on the removable 

30 shoulders. These shoulders can be changed to vary the 
thickness of the resin matrix layer on the substrate. 

As shown in Fig. 4, the depth the substrate 24 
is lowered into the mold can also be maintained with 
spacers (removable shoulders) 34 attached to the backside 

35 of the substrate 24 which maintain it at a fixed height 
in the mold 26. These spacers can also be incorporated 
directly into the mold. A layer of the resin matrix 22 
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is poured into the mold 2 6 to the desired thickness. A ■ 
substrate 24 is laid into the mold 2 6 and can rest on 
removable shoulders 34 in the mold which hold it at the 
desired height until the curing is complete. The height 
5 of these shoulders can be changed to vary thickness of 
the resin matrix layer on the substrate. 

As shown in Fig. 5, the substrate 24 is 
preferably cut so that it is positioned, preferably 1/16" 
to 1/4" , from the sidewalls 30 of the mold 26. This 
10 allows the resin matrix 22, which is displaced by the 
substrate 24, to migrate to the sides of the mold and 
rise to the top of the sidewalls. 

The substrate functions to provide structural 
shape and support for the resin matrix layer. It can be 
15 made of any material which will provide suitable 

structural support for the intended use of the finished 
product. The substrate is preferably substantially self- 
supporting in structure apart from the composite article 
and as part of the composite. article . The desired degree 
20 of structural support and shape may vary depending upon 
the intended use of the finished product. Substrates 
include, but are not limited to, wood, particle board, 
plywood, medium density f iberboard (MDF) , cement board, 
polyurethane foam, wood laminate, honeycomb (made, for 
25 example, of plastic, fiberglass, cardboard, or aluminum), 
metal, sheet metal, concrete, gypsum board, composites, 
plastic, hardened fiberglass or any other type of 
structural architectural product or building panel. 

The substrates used in this invention can be of 
3 0 any size or thickness or shape. The thickness, shape, or 
size of the substrate does not affect the process. 
Preferred sizes include 4'x 8' and 2' x 2' building 
panels as well as 36" x 72" and 36" x 96" panels. The 
preferred thickness of the substrate is from about 1/8" 
3 5 to 2" . It may be preferable, although not required, to 
sandblast or texture the side of the substrate that will 
come in contact with the resin matrix in order to improve 
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the bond strength between the substrate and the resin 
matrix. 

The Composite Article 

The thickness of the resin matrix on the 
5 substrate can be controlled by the amount of resin matrix 
dispensed into the mold, the depth that the substrate is 
lowered into the mold, and the amount of additional 
pressure applied to the substrate. The resin matrix can 
be of any desired thickness on the substrate. A thin 

10 layer of resin matrix on a surface of the substrate 

reduces warpage and shrinkage problems. For example, a 
resin matrix having a thickness of about l/32 M to about 
1/16" is preferred. However, a much thicker resin matrix 
layer (for example, up to one inch or more) can be used. 

15 If a thick resin matrix layer is used, an amount of resin 
may be placed on the backside of the substrate to balance 
the shrinkage rates to eliminate or reduce warpage and 
create a flat, dimensionally stable composite. If resin 
is, applied to the non-decorative side of the panel to 

20 balance shrink rates, the addition of floatable particles 
can be useful in accomplishing this balance with less 
resin, thereby reducing weight and cost. 

Generally, the closer the substrate is to the 
surface of the mold, the thinner the resin matrix will be 

25 on the substrate, and the less resin matrix is needed. 

Uniform thickness of the resin matrix on the substrate is 
obtained when the mold is level and the substrate is 
deposited on a parallel plane to the mold. 

Depending upon the substrate density, the 

30 substrate may be buoyant in the resin matrix, and float 
on the resin matrix. Thickness of the resin matrix, 
which is typically desired to be thin, can be controlled 
by pressing down uniformly on the substrate. 

Once the resin matrix has cured, the bonded 

35 composite can be removed from the mold by using 

compressed air to break the seal between the panel and 
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the mold and then lifting out the piece by hand or 
mechanical means. 

Due to gravity or some applied force, the metal 
or stone particles in the resin matrix tend to fall to 
5 the bottom surface of the mold leaving a thin layer of 
particles in the outer layer of the resin matrix. The 
floatable particles, if present in the matrix, are less 
dense than the metal or stone particles and tend to 
remain in the inner portion of the resin matrix, close to 

10 the substrate. Simultaneously, the inner layer of the 
resin matrix will have become more resin rich, allowing 
the resin in the resin matrix to create a strong bond 
with the substrate. 

Uniform dispersion of the metal or stone 

15 particles in the resin matrix produces objects which have 
a metallic or stone-like surface of substantially uniform 
thickness. The thickness of the surface required will 
depend upon the use and desired weight of the final 
object. For instance, a bronze metal surface formed by 

20 the concentrated mass of metal particles may be/ about 
0.30 mm to about 1 . 0 mm thick for a tile which is about 
3.2 mm in thickness, whereas a counter top surface may 
have an about 0.8 to about 2 . 0 mm thick metal surface. 
The hardening time of the matrix is such as to permit the 

25 relatively heavy particles to settle by gravity and 

concentrate in the lower region of the mold before the 
resin matrix gels. Spray deposition of the resin matrix 
may impel the particles to the appropriate region of the 
mold surface. Vibration of the mold can also assist the 

30 metal or stone particle fallout. 

The thinnest layer of resin matrix on the 
substrate that provides the finished appearance of solid 
metal or stone with the least manufacturing complications 
is desirable. Smaller amounts of resin matrix provide 

3 5 for less warpage or shrinkage of the resultant composite. 
Layer thicknesses of between 1/32" and 1/16" are 
preferred but thicknesses smaller than 1/32" are also 
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appropriate. The thickness can be varied by applying 
uniform downward force against the substrate, thus 
forcing resin matrix out from under the substrate and to 
the sides of the mold. 
5 Once the resin matrix is hardened and the resin 

matrix is bonded to the substrate, the composite piece is 
removed from the mold. Gel times vary from about 5 to 60 
minutes and demold times vary from about 10 to about 180 
minutes depending on the type of resin, the amount of 
10 metal or stone particles in the matrix, the amounts and 
types of additives in the matrix, and the amount of 
catalyst and promoter used. Generally, demolding can 
take place about 40 to 50 minutes after casting. Once 
the resin matrix has cured, the bonded composite can be 
15 removed from the mold by any number of methods including 
using compressed air to break the seal between the panel 
and the mold and then lifting out by hand or mechanical 
means. This can be done by slightly lifting one comer 
of the piece and applying air pressure under it to 
20 release it from the mold. 

After the composite piece is removed from the 
mold, it is allowed to reach full cure. Unsaturated 
polyesters can reach full cure at ambient temperatures in 
48 to 72 hours. However, the cure cycle can be 
25 accelerated at elevated temperatures ranging from 60of to 
300oF depending upon the resin system and the substrate. 
Further curing of the composite at elevated temperatures 
is generally referred to as "post-curing" . For a 
specific unsaturated polyester, gel at 75oF with post- 
30 cure at 200°F for two hours is optimal. 

The composite can generally be cured at a 
temperature range of from about 60 oF to about 250 of 
depending on the resin system and the substrate. For a 
specific unsaturated polyester, gel at 75oF with post- 
35 cure at 200»F for two hours is optimal. 

Post -curing can generally be accomplished by 
heating the piece to about 150oF to 200°F for 
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approximately 1.5 to 2.5 hours, depending upon the resin- 
used. 

The result is a bonded composite article which 
has a resin matrix bonded to a substrate. The resin 
5 matrix has an outer face region imparting a metallic look 
to the article and an inner face region bound to the 
substrate. The outer face region of the resin matrix is 
defined by a dense mass of metal particles embedded in 
plastic. which act to bind the metal particles together. 
10 If floatable particles are used, they are concentrated in 
the inner face regions of the resin matrix and are 
embedded. in the plastic which also binds the floatable 
particles together. 

The cured resin also binds the inner region of resin 
15 matrix to the substrate. The resin running throughout 
the resin matrix forms a strong bond with the substrate 
material to form a single, integral composite article. 
Buffing and Polishing 

Once the composite piece is removed from the 
20 mold and the curing process is complete, the outer face 
of the composite contains a thin, plastic skin covering 
the metal or stone particles. In order to impart the 
appearance of metal or stone to the object, the outer 
face of the piece can be treated, for example, by being 
25 treated chemically or by being sandblasted, polished, or 
buffed, to remove the thin encapsulating layer of polymer 
from the surface, thus exposing the densely packed metal 
or stone particles. 

The outer face of the composite piece is 
30 polished and buffed in any suitable way. A buffing wheel 
can be used to remove the plastic binder skin and expose 
the particles at the face to polishing action to produce 
a polished metal. The buffing process cuts through the 
encapsulating layer of resin that is covering the metal 
35 or stone layer. This resin layer can be removed by 

buffing the surface with an aggressive cutting compound 
applied to a stiff cotton buffing wheel. Cutdown buffing 
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may be done with a wide variety of buff styles, base 
materials, and buffing compounds. For instance, the 
cutdown buffing may be done with a 12 inch flannel bias 
buff at 1750 rpms using Learock 857 bar compound from Lea 
5 Manufacturing Co. After buffing, the piece is subjected 
to a glossing step to brighten the exposed metal or stone 
layer and put a high shine on the piece. This can be 
accomplished by using a rouge compound applied to a soft 
cotton wheel. The 12 inch flannel bias buff at 1750 rpms 

10 using Learock 349 E bar compound from Lea Manufacturing 
Co. will accomplish this task. 

Typical buffing and polishing compounds 
utilized and products sold by the Lea Manufacturing 
Company of Waterbury, Conn., for fine, medium and heavy 

15 cuts. For fine cuts (color), a mix of abrasive, fatty 
acids and glycerides containing about 5 to 15% 
chrome (III) oxide and 70 to 80% aluminum oxide may be 
used. Medium cuts (cut and color) are obtained using a 
mixture of abrasive, fatty acids, glycerides, petroleum 

20 wax/oils and soap containing 1 to 5% ethanol 2.2-iminodi- 
and 67 to 80% silica dust. A heavy cut (cut down) 
results from the use of a mix or abrasive, fatty acids, 
glycerides and petroleum wax/oil containing 10 to 3 5% 
silica dust and 38 to 60% tripoli dust. There are a wide 

25 range of other products available for metal or stone 
finishing . 

After buffing is completed, the buffing 
compound residue is removed to provide a clean surface 
for subsequent adhesion of a clear protective coating, if 

30 desired, and to improve and protect the objects 's 

aesthetic qualities. Cleaning may be accomplished by a 
variety of methods including pressure washing. Cleaning 
solutions may be acidic or alkaline. Once the object is 
clean, it is rinsed free of cleaning solution residue. 

35 Deionized water may be used, since it does not contain 
the calcium or magnesium normally present in the local 
water supply, and, hence leaves the surface free of water 
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spots. The finished object may be air dried if deionized 
water is used for the rinse. 

The face of the object may be treated in a 
variety of ways such as applying salt water to impart a 
5 patina. To protect the finish, a thin, transparent, 

adherent plastic coating may be applied such as urethane, 
wax, or other compatible coating. Alternatively, the 
exposed face may be permitted to age in an oxidizing 
atmosphere so as to acquire the tarnish or natural patina 
10 of the natural metal . 

The clean and dry composite pieces may be 
covered with a clear protective coating on the outer 
decorative surface. The coating prevents the surface 
from tarnishing, and protects it against marring and 
15 scratching. Useful as coatings are architectural 
coatings, powder coatings, enamels, and lacquers. 
Examples of specific coatings include 202W Baking Lacquer 
from Agate Lacquer Manufacturing Co., Inc. Coatings may 
be applied using conventional spray techniques. Once 
20 such technique utilizes compressed air in combination 

with a Model 2001SS spray gun from Binks Manufacturing to 
coat the outer decorative surface of the object with the 
baking lacquer. After spraying, the object may be baked 
in order to accelerate the cure of the coating. Baking 
25 temperatures and times range from about 150oF to about 
250oF and about 5 to about 90 minutes depending on the 
coating used. An object coated with the 2 02W baking 
lacquer typically is baked at about 175oF for about 45 
minutes . 

30 In addition, in order to prevent warpage of the 

substrate caused by exposure to moisture, the back side 
of the substrate can be sealed with a laminate or other 
waterproofing material. The type of sealant used depends 
upon the substrate. Standard polyurethane wood sealants 

3 5 can be used to for wood product substrates. A layer of 
polyester resin or polyurethane can also be poured over 
the back side to encapsulate and seal the substrate. 
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In practicing the invention, the inner surface* 
of the bottom wall of the mold may be embossed, etched or 
otherwise modified to create a decorative pattern on the 
face of the resultant object. The mold will then contain 
5 a negative pattern or impression of whatever the pattern 
or design of the metal composite surface is to be. Thus, 
as shown by the wall panel in Fig. 6, the outer face 3 6 
of the resin matrix 22, has a raised diamond pattern on 
its surface. This surface is not only decorative, but 

10 also provides a tread to prevent slipping when walking. 
One could also emboss a logo on the mold to produce a 
composite article having a logo on its outer face 3 8 as 
shown in Fig . 7 . 

Additionally, by formulating a resin matrix in 

15 two (or more) parts, the first part having one metal or 
stone, and the second part having another metal or stone, 
objects may be made which give the appearance of being 
cast from more than one metal and/or stone. For 
instance, a pattern along the outer edge of a. tile or 

20 panel may appear to be brass while a pattern in the inner 
section of the panel may appear to be bronze. 

The composite articles of this invention can be 
treated in terms of utility, buffing, and cleaning like a 
solid metal or stone piece. 

25 The composite articles can be formed without 

the use of support shoulders in the mold. This can be 
accomplished by pouring or spraying a thin layer of the 
resin matrix into a mold; waiting a sufficient amount of 
time for the majority of the metal or stone particles to 

3 0 concentrate on the surface of the mold; and placing the 
substrate in the mold before the resin matrix gels. A 
press or some other force may optionally be applied to 
the top side of the substrate to cause the bottom side of 
the substrate to fully contact the resin matrix. After 

3 5 the resin matrix fully hardens, the resultant composite 
piece is removed from the mold. 
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Using this technique, small amounts of resin 
matrix can produce a thin layer of resin matrix on the 
substrate. In addition, the use of a downward force on 
the substrate, in combination with resilient molds, 
5 allows for a uniform distribution of the resin matrix on 
the substrate, even if the substrate is slightly warped. 
Allowing the metal or stone particles to settle in the 
lower portion of the resin matrix before adding the 
substrate prevents print-through even when using small 
10 amounts of the resin matrix to form a thin layer on the 
substrate . 

The resin matrix can be bonded to discrete 
surfaces or sides of an object or panel to impart a 
metallic or stone-like appearance to discrete sides of 

15 the object. A board or a building panel having a 

metallic or stone-like appearance on both surfaces can 
also be produced using this invention. A substrate is 
placed in a mold containing a resin matrix including 
metal and/or stone particles as described above. After 

20 the particles drop to the lower surface of the resin 
matrix and the resin hardens, the composite piece is 
removed from the mold and flipped over. The substrate is 
then placed in a mold containing a resin matrix including 
metal or stone particles so that the backside of the 

25 substrate is now in contact with the resin matrix. The 
metal or stone particles again settle to the lower 
surface of resin matrix and the resin is cured. The 
resulting composite piece is completely enveloped in the 
resin material and has a metallic or stone-like 

30 appearance on both side of the building panel. 
Advantages 

This invention after proper finishing produces a 
composite piece having a metallic or stone-like outer 
face which imparts the appearance of a solid metal 
35 casting or stone carving. The composites of this 
invention generally contain very small amounts of a 
curable liquid resin and metal or stone particles, yet 
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have the appearance of a solid stone or metal piece. A - 
major advantage of these composites is. that they give the 
appearance of tiles, stones, or metals yet can be easily 
used in construction like a piece of paneling, plywood, 
5 particle board, building panels or the like. For 

example, the boards are easily cut and/or attached with 
ordinary woodworking equipment, such as screws or nails, 
to a wall or other surfaces. A solid metal or stone 
panel, tile or molding would generally be too heavy to 

10 easily attach to a wall. Additionally, installation does 
not require a specialist but can be carried out by a 
carpenter. The composite pieces have the appearance of 
solid metal or stone surface yet they possess the same or 
improved mechanical properties as compared to the 

15 substrate material. Depending on the substrate, the 
composite can be lighter than other board or counter 
surfacing materials. The composites are particularly 
useful for walls, countertops, ceilings, trim, furniture, 
and building panels for the outer face of skyscrapers and 

20 buildings. 

The composites of this invention can be thinner 
than conventional building materials, are generally less 
fragile and are easy to handle. They are easy to store 
and maintain, are less expensive than solid metal 

25 products, and can be readily cut to conform to space 
requirements. The substrate may be glued, nailed or 
otherwise attached to a wall or floor the same manner as 
wood or plastic. However, the outer surface now has a 
the hand and appearance of a stone or metal product. 

30 The small amount of the resin matrix required 

to form a thin layer on a substrate reduces any shrinkage 
or warpage problems associated with curing. 

Another significant advantage is that the resin 
adheres directly to the substrate which eliminates the 

35 need for any intermediate adhesive, glue or other mastic. 
Furthermore, the composite boards are resilient, durable, 
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and shatterproof, and are relatively inexpensive in 
comparison to traditional metal or stone materials. 

Another advantage of this invention is its 
appearance in comparison to similar objects having a 
5 metallic glaze. The glazed object has a shiny appearance 
which mitigates against its visual acceptance as being 
truly metallic in nature, whereas an object according to 
this invention has a soft metallic glow, contains real 
metals, and in time, can acquire a natural patina which 

10 is lacking in a glazed object. 

Moreover, this invention allows for the in mold 
capture of graphic detail, relief patterns, and designs. 

The process for manufacture of these composite 
pieces lends itself well to automation. One possible 

15 configuration might be a conveyor-type rubber mold moving 
at a predetermined speed. Spray applicators could be set 
to apply the resin matrix to the mold at specified times. 
After a short gel time, the substrate can be laid onto 
the metal layer. Depending on the type of .substrate 

20 being used, this can also be a continuous process. Once 
the bonding is complete the continuous mold would move to 
the demolding station where the mold would roll under the 
conveyor, and the bonded composite panel would be 
separated and prepared for post-curing, grinding, buffing 

25 etc. 

Another automated configuration might include a 
conveyor belt having molds and substrate laid in the 
molds maintained at desired heights by removable 
shoulders or spacers. The resin matrix may be injected 

30 into the area between the mold and the substrate by any 
means of automated injection. These automated 
configurations may also include a computer which 
controls, for example, the movement of the conveyor belt, 
the height of the substrate in the mold, and the amount 

35 and timing of the introduction of the resin matrix. 
Furthermore, the composites of this invention may 
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advantageously be manufactured into a flexible, 
continuous sheet or roll. 

The composite pieces and objects described in 
this application are by no means the only ones which can 
5 be produced using this invention. It is possible to form 
many types of products for use inside and outdoors. As 
example only and not intended to be an exhaustive list, 
the invention may be used for interior products such as 
wall and* floor panels and tiles, counter top surfaces, 

10 desk tops, table tops, furniture components, trim, 

decorative brackets, panels, shelves and the like. In 
products used outdoors, it may be utilized for doors, 
roof tiles, and outer facings of buildings. By modifying 
the ingredients of the resin matrix, the object 

15 formulated can be adapted for a particular use. For 

example, if the object is intended for outdoor use, the 
resin must be suitable for that purpose. 

EXAMPLES 

.,. Some preferred embodiments of^this invention will.be 
20 further described in the examples detailed below. 
Example 1 Typical Formulation for Resin Matrix 
Material Component Parts per hundred 

resin (r>hr) 

Unsaturated polyester 100.00 
25 Inorganic filler (hydrated alumina) 50.00 
Metal Powder 40.00 
Methyl ethyl ketone peroxide 1 - 25 

Example 2 Manufacture of Composites 

30 Material Component Grams 

Unsaturated polyester 372.00 

Inorganic filler such as hydrated alumina 309.00 

Metal powder 648.00 

Methyl ethyl ketone peroxide 4 - 65 

35 
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Casting 

The above ingredients were power mixed for 
three minutes using a high shear mixing blade. One 
sixteenth inch of resin matrix was then poured into three 
5 12x12x1/4" molds, each having a different surface 

texture. Different substrates were used in each mold- - 
particle board in mold #1, rigid honeycomb in mold #2, 
and a cement tile backer board in mold #3. After a short 
time (about 2 to 3 minutes) to allow a good portion of 

10 the metal to gravitate to the mold surface thereby 

creating a dense layer of metal particles, the substrate 
was laid into each mold before the metal matrix began to 
cure. This allowed the bonding between the resin matrix 
and the substrate to take place. Uniform downward 

15 pressure was applied to the substrate to force the resin 
matrix out from under the substrate, thus achieving a 
thin resin matrix layer. Rubber shoulders were placed in 
the mold to insure the l/16th» metal layer. In mold 
curing was complete approximately one hour after the ^ 

20 substrate was inserted. 
Demo 1 ding 

The demolding process was accomplished by using 
compressed air to break the seal between the composite 
and the mold. The bonded composite was then lifted out 
25 of the mold. 
Post -Curing 

A post-curing process was applied to accelerate 
the final curing and get maximum strength and hardness. 
Post-curing was accomplished by placing the composite 

30 articles (panels) in an oven at 200oF for two hours. 
Cut -Down Buffing 

In cut -down buffing, an encapsulating layer of 
polymer was removed to expose the densely packed layer of 
metal particles bound by resin. A buffing machine with 

35 oscillating buffs and liquid cutting compound was used to 
complete this process. 



WO 99/00235 



PCT/US98/12118 



30 

Color/Gloss Buffing 

In color buffing, the exposed metal layer was 
further finished to provide a high polish or shine. 
Color buffing was accomplished using the same buffing 
5 machine as the cut-down operation, however, different 
compound and buffs were required. 

Cleaning 

10 Cleaning was accomplished by washing the face 

of each panel with a sponge and a heated, alkaline, 
aqueous solution and then spraying each piece with a high 
pressure water spray. The purpose of the cleaning step 
was to remove buffing compound residues in preparation 

15 for coating the parts with an organic clearcoat. 
Coating 

Once the metal layer was exposed, the outer 
surface was protected with a coating to prevent surface 
oxidation. These composite panels were coated with a^two 

20 part acrylic polyurethane using conventional automotive 
refinishing methods to protect the surface from oxidation 
and chemical attack. 
Test Results 

Test results indicated that each substrate and 

25 resin matrix layer bonded equally as well. The buffed 
surface of the composite articles (panels) showed no 
defects. The strength of the panels was increased 
relative to the strength of a the substrate and the 
thickness of the resin matrix layer. The weight of each 

3 0 panel was easily altered depending on the type of 
substrate used. 

While there has been shown and described some 
preferred embodiments of this invention, it will be 
appreciated that this disclosure is for the purpose of 

3 5 illustration and various omissions, changes and 

modifications may be made without departing from the 
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essential spirit or scope of the invention as set forth 
in the claims. 
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What is claimed is: 

1. A process for creating an article, comprising 

the steps of: 

a) combining a curable liquid resin, a 

5 catalyst, and metal or stone particles to form a 

resin matrix; 

b) contacting a substrate, which has a 
surface and which is structurally substantially 
self-supporting, and the resin matrix so that the 

10 surface of the substrate is in contact with an inner 

surface of the resin matrix; 

c) forming a concentrated mass of the metal 
or stone particles on an outer surface of the resin 
matrix by migration of the metal or stone particles 

15 to the outer surface of the resin matrix before 

curing of the resin matrix; 

d) curing the resin matrix to bond the inner 
surface of the resin matrix to the surface of the 
substrate and to fix the^positiqn^of the. migrated . ^ 

20 metal or stone particles to create the article. 

2. The process as claimed in claim 1, further 
comprising the step of treating the outer surface of the 
article to impart a metallic or stone-like appearance to 
the article. 

25 3. The process as claimed in claim 1, further 

comprising the step of post -curing the article. 

4. The process as claimed in claim 2, wherein the 
metal or stone particles are about -60 to -325 Taylor 
mesh in size. 

30 5. The process as claimed in claim 3, wherein the 

article is post-cured by subjecting the article to a 

temperature of about 150© to 200° F. 

6. The process as claimed in claim 3, further 

comprising the step of treating the outer surface of the 
3 5 article to impart a metallic or stone- like appearance to 

the article. 
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7. The process as claimed in claim 1 or 4, wherein 
the metal particles are selected the group consisting of 
bronze, copper, aluminum, pewter and brass. 

8. The process as claimed in claim 1 or 4, wherein 
5 the curable liquid resin is selected from the group 

consisting of an unsaturated polyester, a vinyl ester, a 
urethane, an acrylate, a methacrylate, a styrene, a 
methylstyrene, an epoxy, an allyl and a diallylphthalate. 

9. The process as claimed in claim 1 or 4, wherein 
10 the substrate provides structural shape and support for 

the resin matrix layer. 

10. The process as claimed in claim 1 or 4, wherein 
the substrate is selected from the group consisting of 
particle board, plywood, medium density fiberboard, 

15 gypsum board, cement board, polyurethane foam, wood, wood 
laminate, metal, sheet metal, concrete, plastic, hardened 
fiberglass, composites and honeycomb. 

11. The process as claimed in claim 1 or 4 , wherein 

the. stone particles are selected f rom the^ group ^ ^ ^ ^..^ 

2 0 consisting of calcium carbonate, sand, granite, marble, 

slate, hydrated alumina, mica, cement, ceramics, stone- 
like composites, and glass. 

12. The process as claimed in claim 1, wherein the 
substrate provides structural shape and support for the 

25 resin matrix layer and is selected from the group 

consisting of particle board, plywood, medium density 
fiberboard, gypsum board, cement board, polyurethane 
foam, wood, wood laminate, metal, sheet metal, concrete, 
plastic, hardened fiberglass, composites and honeycomb; 

30 wherein the curable liquid resin is selected from the 
group consisting of an unsaturated polyester, a vinyl 
ester, a urethane, an epoxy, an acrylate, a methacrylate, 
a styrene, a methylstyrene, an allyl and a 
diallylphthalates; wherein the metal particles are 

3 5 selected from the group consisting of bronze, copper, 

aluminum, pewter, and brass/ and wherein the stone 
particles are selected from the group consisting of 
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calcium carbonate, sand, granite, marble, slate, hydrated 
alumina, mica, cement, ceramics, stone-like composites, 
and glass. 

13. The process as claimed in claim 1, wherein the 

5 resin matrix further comprises floatable particles having 
a density less than the density of the curable liquid 
resin. 

14. The process as claimed in claim 10, wherein the 
floatable particles are selected from the group 

10 consisting of ceramic microspheres, glass microspheres, 
polyethylene powder and polypropylene powder. 

15. The process as claimed in claim 1, wherein the 
amount, by weight, of the stone and metal particles in 
the resin matrix is sufficient to provide a metallic or 

15 stone-like appearance to the surface of the article. 

16. The process as claimed in claim 4, wherein the 
amount, by weight, of the stone and metal particles in 
the resin matrix is sufficient to provide a metallic or 
stone -like appearance to the surface of tfrie^ article 

20 17. The process as claimed in claim 12, wherein the 

amount, by weight, of the stone and metal particles in 
the resin matrix is sufficient to provide a metallic or 
stone-like appearance to the surface of the article. 

18. The process as claimed in claim 1, wherein the 

25 ratio of amount, by weight, of the metal or stone 

particles to curable liquid resin in the resin matrix is 
from about four parts metal or stone particles to one 
part curable liquid resin to about one part metal or 
stone particles to one part curable liquid resin. 

30 19. The process as claimed in claim 4, wherein the 

ratio of amount, by weight, of the metal or stone 
particles to curable liquid resin in the resin matrix is 
from about four parts metal or stone particles to one 
part curable liquid resin to about one part metal or 

35 stone particles to one part curable liquid resin. 

20. The process as claimed in claim 12, wherein the 
ratio of amount, by weight,, of the metal or stone 
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particles to curable liquid resin in the resin matrix is ■ 
from about four parts metal or stone particles to one 
part curable liquid resin to about one part metal or 
stone particles to one part curable liquid resin. 
5 21. The process as claimed in claim 1, further 

comprising the step of applying a downward force on the 
substrate to cause the surface of the substrate to fully 
contact the resin matrix before curing the resin matrix. 

22. An article comprising a substrate, said 
10 substrate having a surface and being structurally 

substantially self-supporting, and a cured plastic resin 
having a first surface and a second surface of a 
concentrated mass of metal or stone particles, the cured 
plastic resin cured to bond the first surface of the 
15 cured plastic resin to the surface of the substrate and 
to fix the concentrated mass of metal or stone particles 
in the second surface of the cured plastic resin. 

23. The article as claimed in claim 22, wherein the 
resin matrix further comprise^ floatable, particles. .having t 

20 a density less than the density of the curable liquid 
resin. 

24. The article as claimed in claim 22, wherein the 
resin matrix further comprises an additive selected from 
the group consisting of a fire retardant agent, a 

25 promoter, an inhibitor, a sunscreen, a colorant, a 

pigment, a sealing wax solution, an air release agent, a 
UV absorbant, a vapor suppressant, and a filler. 

25. The article as in claim 22, wherein the outer 
metallic or stone-like surface of the resin matrix is 

30 treated to impart a metallic or stone-like appearance to 
the article. 

26. The article as claimed in claim 22, wherein the 
metal particles are selected from the group consisting of 
bronze, copper, aluminum, pewter and brass. 

35 27. The article as claimed in claim 22, wherein the 

stone particles are selected from the group consisting of 
calcium carbonate, sand, granite, marble, slate, hydrated 
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alumina, mica, cement, ceramics, stone-like composites, 
and glass. 

28. The article as claimed in claim 22, wherein the 
curable liquid resin is selected from the group 

5 consisting of an unsaturated polyester, a vinyl ester, a 
urethane, an acrylate, a methacrylate , a styrene, a 
methyls tyrene, an .epoxy, an allyl and a diallylphthalate . 

29. The article. as claimed in claim 22, wherein the 
substrate is selected from the group consisting of 

10 particle board, plywood, medium density fiberboard, 

gypsum board, cement board, polyurethane foam, wood, wood 
laminate, metal, sheet metal, concrete, plastic, hardened 
fiberglass, composites and honeycomb. 

30. The article as claimed in claim 22, wherein the 
15 substrate is selected from the group consisting of 

particle board, plywood, medium density fiberboard, 
gypsum board, cement board, . polyurethane foam, wood, wood 
laminate, metal, sheet metal, concrete, plastic, hardened 
fiberglass, composites, and honeycomb; wherein the , . 

20 curable liquid resin is selected from the group 

consisting of an unsaturated polyester, a vinyl ester, a 
urethane, an acrylate, a methacrylate, a styrene, a 
methyl styrene, an epoxy, an allyl, and a 
diallylphthalate; wherein the metal particles are 

25 selected from the group consisting of bronze, copper, 
aluminum, pewter, and brass; and wherein the stone 
particles are selected from the group consisting of 
calcium carbonate, sand, granite, marble, slate, hydrated 
alumina, mica, cement, ceramics, stone -like composites, 

3 0 and glass. 

31. The article as claimed in claim 22, wherein the 
metal or stone particles are about -60 to -325 Taylor 
mesh in size. 

32. The article as claimed in claim 22, wherein the 
35 ratio of amount, by weight, of the metal or stone 

particles to curable liquid resin in the resin matrix is 
from about four parts metal or stone particles to about 
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one part curable liquid resin to about one part metal or ■ 
stone particles to about one part curable liquid resin. 

33. The article as claimed in claim 22, wherein the 
outer metallic or stone- like surface is coated with a 

5 clear protective coating. 

34. The article as claimed in claim 22, wherein the 
surface of the substrate opposite the resin matrix is 
sealed within a laminate or water proofing material to 
prevent warpage of the article. 

10 35. An article which comprises a resin matrix bound 

by curing to a surface of a substrate, said substrate 
being structurally, substantially self-supporting, said 
resin matrix having an outer surface of a concentrated 
mass of metal or stone particles integrally formed with 

15 and bound together by the cured resin and having an inner 
surface, also integrally formed with and bound together 
by the cured resin to the surface of the substrate. 
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